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(54) Detector for radiation imaging 

(57) A radiation detector includes slit collimator. A 
radiation detector receives radiation which has been re- 
ceived in each of the slits. The aspect ratio of the detec- 
tor is approximately three, and each semiconductor ra- 
diation detector (106) has a transverse dimension (C y ) 



which is less than that of its respective slit (W y ). A re- 
construction processor generates an image indicative 
of the radiation received by the detectors. The detector 
may be rotated about a fixed axis (109). Alternately, the 
detector may be translated in coordination with its rota- 
tion to provide a substantially square field ol view. 
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Description 

[0001] The present invention relates to the field of detectors for imaging. 

[0002] The invention finds particular application in conjunction with nuclear or gamma cameras and single photon 
5 emission computed tomography (SPECT) and will be described with particular reference thereto. It is to be appreciated, 
however, that the present invention will also find application in other non-invasive investigation techniques and imaging 
systems such as single photon planar imaging, whole body nuclear scans, positron emission tomography (PET) and 
other diagnostic modes. 

[0003] In diagnostic nuclear imaging, one or more radiation detectors are mounted on a movable gantry to view an 

10 examination region which receives a subject therein. Typically, one or more radiopharmaceuticals or radioisotopes 
such as ssmjc or 18 F-Fluorodeoxyglucose (FDG) capable of generating emission radiation are introduced into the sub- 
ject. The radioisotope preferably travels to an organ of interest whose image is to be produced. The detectors scan 
the subject along a selected path or scanning trajectory and radiation events are detected on each detector. 
[0004] In a traditional scintillation detector, the detector includes a scintillation crystal that is viewed by an array of 

is photomultiplier tubes. A collimator which includes a grid- or honeycomb-like array of radiation absorbent material is 
located between the scintillation crystal and limits the angle of acceptance of radiation which will be received by the 
scintillation crystal. The relative outputs of the photomultiplier tubes are processed and corrected to generate an output 
signal indicative of the position and energy of the detected radiation. The radiation data is then reconstructed into an 
image representation of a region of interest. 

20 [0005] A so-called rotating laminar radionuclide camera ("ROLEC") has been disclosed by Tosswill and others. 

[0006] Devices utilizing a cadmium tetluride (CdTe) detector arrangement have been disclosed in Mauderli, et al., A 
Computerized Rotating Laminar Radionuclide Camera, J. Nucl. Med 20: 341 -344 (1 979) and Entine, et al., Cadmium 
Telluride Gamma Camera, IEEE Transactions on Nuclear Science, Vol. NS-26, No. 1: 552-558 (1979). According to 
one version, the device included a linear array of CdTe detectors separated by tungsten plates that confined the field 

2S of view of each detector to one dimension. The device had a square (approximately 4 cm x 4 cm) active area, although 
a circular lead mask reduced the active area to 13.2 cm 2 . The detectors, which had platinum-film electrodes, were 
attached to copper strips on a printed circuit board that also served as the base of the collimator and as a support for 
amplifier-discriminator circuits. 

[0007] A ROLEC having a 250 mm x 250 mm active area was disclosed in Tosswill, U.S. Patent No. 4,090,080. The 
30 device included scintillating plastic sheets disposed between parallel collimator plates supported by a steel frame. 
Fibre optics epoxied to the rear surface of each scintillating sheet transferred light generated in the each of the detectors 
to a corresponding photomultiplier. According to Tosswill, the ROLEC may be rotated discontinuously or continuously, 
or operated moving its axis along another curved or other configuration or without rotation, with symmetry preferred 
but not essential. 

35 [0008] Devices using a segmented germanium crystal have been described by Urie, et at., Rotating laminar Emission 
Camera with GE-detector, Med. Phys. 8(6): 865-870 (1981); Mauderli, et al., Rotating Laminar Emission Camera with 
GE-Detector: An Analysis, Med. Phys. 8(6): 871-876 (1981); Malm, et al., A Germanium Laminar Emission Camera, 
IEEE Transactions on Nuclear Science, Vol. NS-29, No. 1: 465-468 (1982); and Mauderli, et al., Rotating Laminar 
Emission Camera with GE-detector. Further Developments, Med. Phys. 14(6): 1027-1031 (1987). 

40 [0009] In a first version, a 1 1 .5 mm thick, 45 mm x 45 mm segmented germanium detector was placed behind parallel 
tungsten plates. The crystal was segmented to form a plurality of channels, with the plates aligned with the segmen- 
tations. A 4.5 cm diameter viewing aperture was located between the detector and the activity source. Projection data 
acquired at multiple angular orientations as the detector-coll imator assembly was rotated about its centre was math- 
ematically reconstructed to form a two-dimensional image of the activity distribution. 

45 [0010] A second version simulated a 1 95 mm x 1 95 mm detection area. Five germanium blocks having a total length 
of 250 mm segmented into distinct electrical channels. The detector was translated linearly in a direction perpendicular 
to the plane of the plates to simulate a full-size detector. 

[0011] One advantage of ROLECs is their high efficiency relative to traditional Anger cameras. In particular, the 
structure of the collimator permits a greater percentage of incident radiation to reach the surface of the detector. Spatial 
so resolution may be improved by increasing the height of the collimator or reducing the distance between the collimator 
elements with less effect on efficiency as compared to traditional cameras, 

[0012] While ROLECs have the advantage of relatively higher efficiency and spatial resolution, they have been ex- 
pensive to produce inasmuch as significant quantities of relatively expensive detector material have been required. 
Although detector material cost can be reduced by using a number of relatively smaller detector segments, such an 
55 approach complicates the manufacturing process and requires that variations in the response of the individual seg- 
ments be considered. 

[0013] Still another drawback is that the collimator slat length has been equal to the detector field of view. This has 
required additional detector, collimator, and structural material, has introduced spurious counts which do not contribute 
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to useful image information, and has introduced additional mass and bulk into a rotating structure. 
[0014] Yet another disadvantage to ROLECs has been their circular field of view. 

[0015] According to a first aspect of the present invention, a radiation detection apparatus includes a detector. The 
detector includes a plurality of longitudinally-spaced radiation attenuative septa which define a plurality of slits. Each 

5 slit has a longitudinal and a transverse dimension, the transverse dimension being greater than the longitudinal dimen- 
sion. The detector also includes a plurality of detector segments, each detector segment having a transverse dimension 
and detecting radiation received in a corresponding slit. The apparatus also includes a drive operatively connected to 
one of the detector and the object so as to vary the angular relationship between the slits and the object. The transverse 
dimensions of the detector segments are less than the longitudinal field of view of the detector. 

10 [0016] According to a more limited aspect of the invention, a detector segment includes two or more sub-segments. 
The sum of the transverse dimensions of the sub-segments is less than the longitudinal field of view 
[0017] According to another more limited aspect of the invention, the detector includes first and second radiation 
attenuative side shields. 

[0018] According to another more limited aspect of the invention, the aperture aspect ratio of the detector is greater 
15 than one. 

[0019] According to a still more limited aspect, the transverse dimension of the septa are given by the equation 



LFOVx(C+ IAM +HxC v 
1/1/ : £_ £: Y 

c z + w z + h 

[0020] According to another more limited aspect of the invention, the transverse dimension of each detector segment 
is less than the transverse dimension of the corresponding slit. 

[0021] According to a still more limited aspect each detector segment includes at least two detector sub-segments. 

25 The sum of the transverse dimensions of the sub-segments is less than the transverse dimension of the slit. 

[0022] According to another limited aspect of the invention, radiation attenuative members are disposed between 
detector segments which detect radiation received in adjacent slits. The thickness of the radiation attenuative material 
portion may be less than the thickness of the septum. The septa may include a material free region adapted to receive 
the radiation attenuative members. 

30 [0023] According to a still more limited aspect, an electrical conductor in electrical contact with a detector segment 
is disposed between the radiation attenuative member and the detector segment. 

[0024] According to another limited aspect of the invention, the detector segments are physically discrete. 

[0025] According to another limited aspect of the invention, a cross section of the detector segments is one of round 

and rectangular. 

35 [0026] According to another limited aspect of the invention, the apparatus includes a reconstruction processor, op- 
eratively connected to the detector segments for generating an image indicative of radiation received by the detector 
segments. 

[0027] According to another limited aspect of the invention, the apparatus includes means for supporting the detector 
in relation to an object being imaged. 

40 [0028] According to another aspect of the present invention, an apparatus includes a detector which includes a 
collimator having a plurality of longitudinally spaced radiation attenuative elements which define a plurality of longitu- 
dinally spaced apertures each having transverse dimension greater than it longitudinal dimension. The collimator is 
movable during the examination so as to vary the angular relationship between the apertures and the object. The 
detector also includes a plurality of radiation sensitive detector segments each having a transverse dimension and 

45 detecting radiation received in a corresponding aperture. The aperture aspect ratio of the detector is greater than one. 
The apparatus also includes a reconstruction processor operatively connected to the detector segments for generating 
an image indicative of radiation received by the detector segments. 

[0029] According to a more limited aspect of the invention, the detector segments include a semiconductor. The 
semiconductor material may be cadmium zinc telluride. 
so [0030] According to still another more limited aspect, the detector segments include a scintillating material and a 
photodetector in optical communication with the scintillating material. According to a still more limited aspect, the scin- 
tillating material is cesium iodide. 

[0031] According to another aspect of the present invention, a rotating laminar emission camera has an aspect ratio 
greater than one. 

55 [0032] According to another aspect of the present invention, an apparatus for detecting radiation indicative of an 
object includes a detector having a plurality of septa. The detector also includes a plurality of radiation attenuative 
members. Detector segments which detect radiation received in adjacent slits have a radiation attenuative member 
interposed therebetween. 
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[0033] According to a more limited aspect, the septa and the radiation attenuative members comprise tungsten. 
[0034] According to a more limited aspect, the septa and the radiation attenuative members are mounted tor trans- 
verse movement relative to the septa. 

[0035] According to another aspect of the present invention, a method includes using a detector to detect gamma 
radiation indicative of radionuclide decays, rotating the detector in a plane, and in coordination with the rotation of the 
detector, translating the detector so that the sensitivity of the detector is substantially constant over a non-circular field 
of view. 

[0036] The non-circular field of view may be a square. According to a more limited aspect, the detector is translated 
in coordination with its rotation so that a line segment perpendicular to the longitudinal axis traces the path traveled 
by the centroid of a curve of constant width rotating within the square. The curve of constant width may be a Reuleaux 
triangle. 

[0037] Ways of carrying out the invention will now be described in detail, by way of example, with reference to the 
accompanying drawings, which: 

Figure 1 depicts an exemplary nuclear imaging apparatus; 

Figure 2 depicts the functional relationships of data conditioning and processing for an imaging apparatus; 

Figure 3 is a perspective view of a detector for a nuclear imaging apparatus; 

Figure 4 is a side view of a detector for a nuclear imaging apparatus; 

Figures 5A, 5B, 5C, and 5D depict alternate embodiments of a detector; 

Figure 6 depicts electrical connections to a detector; 

Figure 7 depicts an arrangement for mounting detector segments; 

Figure 8A depicts an arrangement for mounting detector segments; 

Figure 8B depicts the arrangement of Figure 8A in exploded view; 

Figure 8C depicts side view of the arrangement of Figure 8A; 

Figures 9A, 9B, and 9C depict an orbit for a detector; and 

Figures 10A and 10B depict a reconstructed field of view of a detector following a Reuleaux orbit and a circular 
orbit respectively. 

[0038] With reference to Figure 1 , an object being imaged such as a patient is supported on a support A. The support 
includes a thin, relatively radiation transmissive support surface 1 0 which is mounted cantilevered from a base 1 2. The 
base includes motors for raising and lowering the support surface and for extending and retracting the support surface 
in a longitudinal direction relative to a nuclear camera gantry B. Alternately, relative longitudinal motion may be achieved 
by moving the gantry B in the longitudinal direction. 

[0039] The gantry B includes stationary 18 and rotating 30 gantry portions. Detectors 22a, 22b, 22c are mounted to 
the rotating gantry portion 30 and define an aperture into which the anatomy of a patient may be inserted. Each detector 
22 includes an enclosure comprised of a radiation attenuative material such as lead. The detectors are mounted to 
the gantry 30 so as to be rotalable about an axis of rotation 70, radially toward and away from the imaging region, and 
tangentially with respect to the imaging region. The relative angular positions of the detectors about the examination 
region may also be varied. As the gantry rotates about the axis of rotation 70, the rotating detectors define a generally 
circular imaging region, the precise shape of which may vary if the detectors are moved radially during rotation of the 
gantry 30. As is known in the art, radiation data is collected as the detectors are rotated about the imaging region, with 
the data used to generate an image indicative of the detected radionuclide decays. 

[0040] While the detector has been described as having three detectors 22, greater (e.g., four or more) or fewer (e. 
g., 1 or 2) numbers of detectors may be used. It is not necessary that the detectors be disposed at equal angular 
intervals about the examination region; a variety of different configurations may be implemented. It is also not necessary 
that the detectors be moved with respect to or rotated about the patient; relative motion may be provided by moving 
the patient with respect to the detectors. 
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[0041] Those skilled in the art will recognize that the gantry shown in Figure 1 is exemplary of a gantry which provides 
a number of degrees of freedom. Of course, other suitable detector and patient supports may be implemented, provided 
that the desired relative motion (if any) between the detector(s) and the patient or between the detectors themselves 
is provided. 

5 [0042] Turning now to Figure 2, each detector includes a rotating detector portion 23. Signals from the detector 
elements 106a, 106b, ... 106n of each detector are received by signal conditioning and analog to digital conversion 
circuitry 1 30 and stored in memory 1 32. A motor drive 1 34 drives a motor 1 36 which causes the rotating portion 23 to 
rotate about an axis of rotation 109 perpendicular to a major plane of the rotating portion. A signal 1 38 indicative of 
the rotational position of the rotating portion is provided to memory 132 and the data from the detector elements 106 

io stored accordingly. A reconstruction processor 140 reconstructs the data for display in human readable form on a 
display device 142 such as a monitor, film, or the like. Where the detectors 22 are rotated about the imaging region 
about the axis of rotation 70, tomographic images , for example a plurality of axial slices., may be generated. The data 
may be reconstructed using a two step process. First, the data received by the detector elements 106 at each of a 
plurality of positions about the axis of rotation 109 is reconstructured to create a two<Jimensional data set analogous 

is to the data generated by a conventional two dimensional detector. Two dimensional data sets obtained at a plurality 
of positions about the axis of rotation 70 may in turn be reconstructed so as to create volumetric image data. Alternately, 
the data may be reconstructed using a single step process whereby the data received by the detector elements 106 
at each of a plurality of positions about the axis of rotation 109 and the axis of rotation 70 are reconstructed directly to 
form the volumetric image data. 

20 [0043] With reference to Figure 3, the rotating detector portion 23 includes a collimator having a plurality of rectan- 
gular, parallel spaced apart septa or slats 102a, 102b, ... 102n. The septa are constructed from a radiation attenuative 
material. In a preferred embodiment, the septa are fabricated from tungsten, although other materials providing suitable 
attenuation may be used. 

[0044] The spacing between the septa defines a plurality of slits 104a, 104b, ... 104n having a width G. Each septum 
25 has a height Wz, a transverse dimension Wy, and a thickness Wx. A front edge 1 07 of the septa faces the examination 
region. Where the septa are parallel, the longitudinal field of view 110 (LFOV) corresponds to the number of septa 
multiplied by their spacing. * 
[0045] A radiation sensitive detector element 106a, 106b, ... 106n is disposed so as to detect radiation received in 
each of the slits 104a, 104b, ... 104n. Each of the detectors 106a, 106b, ... 106n has a transverse dimension Cy, a 
30 thickness Cx, and a height Cz The detectors are centred about the midpoint of the transverse dimension Wy of the 

septa 102, although they may be offset therefrom. In one embodiment, the detector elements are fabricated from * T 

scintillating materials such as cesium iodide (Csl) or sodium iodide (Nal) in optical communication with a photo diode 
or other appropriate photodetector. A semiconductor detector material such as cadmium zinc telluride (CdZnTe) may 
also be used. Depending on the requirements of a particular application, other materials such as silicon (Si), germanium 
35 (Ge), cadmium telluride (CdTe) , Hgl 2 , gallium arsenide (GaAs), bismuth sulphate (Bi 2 S 3 ), Pbl 2 , GaSe, AlSb, or CdSe 
may also be used. 

[0046] The rotating detector portion 23 is rotatable about an axis of rotation 109 perpendicular to its major plane. 
The detector may be rotated continuously as radiation data is collected. Alternately data may be collected with the 
detector located at a plurality of discrete angular positions. 

40 [0047] Figure 4 depicts a side view of a detector wherein, for ease of illustration, the transverse dimension Cy and 
height Cz of the detector elements 106 are zero. Lead side shields 101 extend along the sides of the detector. The 
detector is typically operated with the front 107 of the septa at a height H above an imaging plane 112. The corner 
projections 1 1 4 of the septa 1 02 intersect the imaging plane 11 2 to define a transverse field view therein. The aperture 
aspect ratio is preferably selected so that the transverse field of view is equal to the LFOV 110 of the detector 23, the 

45 dimension 1 1 0 from Figure 3 shown on Figure 4 for reference. I n the embodiment of Figure 4, the aperture aspect ratio 
is determined according to the following relationship: 



Aperture Aspect Ratio = 



LFOV W z + H 



Eq. 1 



50 



w y w 2 



[0048] The aperture aspect ratio for detector elements 1 06 having C y > 0 as depicted in Figure 5A may be generalized 
according to the following relationship: 



55 



Aperture Aspect Ratio - 



LFOV 



= 1 + 77T " 



Eq.2 
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[0049] At low energy (e.g., less than about 250 keV), the sensitivity of the detector is approximately linearly related 
to the perimeter C y + 2C Z of the detector elements 106. Hence, sensitivity may be improved by increasing the perimeter 
of the detector elements. With reference to Equation 2 and Figure 5A, however, increasing the perimeter affects the 
aspect ratio as well as counts received from outside the useful field of view and the cost of the detector elements 1 06. 
5 As illustrated, the detector aspect ratio (LFOV/Cy) is greater than 1 as well as greater than the aperture aspect ratio. 
Some or all of the slat 1 02 material in the regions 1 1 5 outside the corner projections 114 may also be eliminated. Hence, 
the septa may have a trapezoidal or other non-rectangular shape. 

[0050] With reference to Figure 5A, the aspect ratio described in Equation 2 provides substantially uniform sensitivity 
across the field of view. An extended field of view is defined by the intersection of the corner projections 111 and the 
10 image plane, albeit with reduced sensitivity in the extended field of view portions 11 3a, 1 1 3b. Calculation of the aperture 
aspect ratio may be adjusted accordingly. 

[0051] The number of detector elements 106, as well as their size, shape and location, may be varied to provide a 
desired sensitivity and sensitivity profile. In an exemplary alternate embodiment shown in Figure 5B, two detector 
elements having a circular cross section are used. In the embodiment of Figure 5C, three rectangular detector elements 
is are provided. In the embodiment of Figure 5D, the detector element is offset from the transverse centre of the septa. 
The desired aspect ratios may be determined based on the detector element 1 06 and slat 1 02 geometries as described 
above. 

[0052] Electrical connections to the detector elements 106 may be made by placing a conductor such as aluminized 
mylar between the detector elements 106 and the septa 102. One drawback to this approach, however, is that the 
20 thickness of the conductive material introduces a dead space between the septa and the detector elements, which 
deleteriously affects sensitivity. Grooves or depressions in the septa 102 or in the detector elements 106 may be used 
to account for some or all of the thickness of the conductor. 

[0053] Turning now to Figure 6, an alternate configuration which facilitates electrical connections to the detector 
elements 1 06 is shown. The detector elements 1 06 are located between the septa 1 02 with their rear surfaces extending 
25 beyond the rear surface of the septa 102 so as to permit access to the side surfaces of the detector elements 106. 
Lead wires 116 are connected to the detector elements 106 using conventional bonding techniques. The lead wires 
116 are in turn connected to circuit boards 114 which carry signal conditioning electronics. 

[0054] With reference to Figure 7, each of the collimator elements 102 may include a notched region 118. The detector 
elements 106 are interleaved with corresponding collimator segments 120 to form a detector subassembly 122. The 
30 detector elements 106 are adhered to the corresponding collimator segments 120 using an adhesive. Alternately, a 
mechanical frame arrangement may be used. The collimator assembly 100 and the detector subassembly 120 are 
assembled separately and subsequently joined. 

[0055] With reference to Figure 8A, the notched region in the collimator elements 102 may be eliminated with the 
detector elements 106 and collimator segments or separators 120 mounted therebehind. The transverse dimension 
35 of the collimator segments 1 20 is preferably greater than or equal to the transverse dimension of the detector elements 
106. More particularly, the collimator segments 120 are preferably sized so that their corner projections are at least 
coextensive with those of the slats. A particular advantage to such an arrangement is that the detector element 106 
collimator segment arrangement may be fixedly or movably mounted to the collimator elements 102 in any number of 
positions. 

40 [0056] Figure 8B depicts the arrangement of Figure 8A in exploded view. There are thirteen (13) dimensions which 
need to be specified, plus the number of detector elements 106 (N). The dimensions include the detector element 106 
dimensions (Cx, Cy, Cz), the slat 102 dimensions (Wx, Wy, Wz), the separator 120 dimensions (Sx, Sy, Sz), the gap 
(G) between adjacent slats, the pitch (P=G+Wx) of the slats, and the displacement (Dy) of the detector elements within 
the separator. 

45 [0057] As discussed above, the LFOV of the detector is defined by N x P (N detector elements at a pitch P). The 
dimensions of the detector elements 106 are influenced a number of factors. The energy resolution, sensitivity, cost, 
and secondary particle leakage are all influenced by dimension Cx, Cy, and Cz of the detector elements. In an exemplary 
embodiment which facilitates interchangeability of semiconductor (e.g., CdZnTe) and scintillating (e.g., Csl) detector 
elements, it may be desirable to select a value of Cx which is suitable for both types of detector elements. 

so [0058] The ratio G/Wz is selected to provide a desired spatial resolution. Slat thickness Wx is selected to maximize 
sensitivity while minimizing punch through and providing suitable mechanical stability. 
[0059] Turning now to Figure 8C, the width Wy of the slats 102 may be determined as follows: 



LFOVx C +^UHxC 
55 w = — y En 3 

y c z + w z + h q 

[0060] Note that objects extending beyond the FOV 110 will also produce a signal, although of decreasing sensitivity 



6 



BNSDOCID: <EP 1 00886 5A2_I_> 



EP 1 008 865 A2 

as the lead side shields block the radiation. Total FOV size is given by the equation: 



FOV= W y + x (W y + C y ) Eq. 4 

5 Z 

[0061] Provided that the detector pitch corresponds to the pitch of the collimator assembly 100, the thickness ^ of 
the separators or collimator segments 120 may be less than that of the septa 102. Aluminized mylar or other suitable 
conductive material may be then placed between the detector elements 1 06 and the collimator segments 1 20 to provide 
io the necessary electrical interconnections. Alternately, the rear surfaces of the detector elements 106 may extend be- 
yond the rear surfaces of the collimator segments 120 to facilitate electrical connections as described above. 
[0062] The height Sz of the separators is preferably greater than or equal to the height Cz of the detector elements. 
In order to provide proper collimation, the length Sy of the separators 120 is greater than or equal to the length Cy of 
the detector elements. 

15 [0063] In an exemplary embodiment, the various parameters may be selected to be as follows (dimensions in mm): 



35 



Parameter 


CdZnTe Detector 


Csl Detector 


N 


128 


128 


Cx 


1.5 


1.5 


Cy 


12 


30 


Cz 


8 


2 


Wx 


0.3 


0.3 


Wy 


130 


130 


Wz 


46 


46 


Sx 


<0.3 


<0.3 


Sy 


37 


37 


Sz 


8 


2 


P 


1.8 


1.8 


G 


1.5 


1.5 


Dy 


8.3 


2 


H 


50 


50 



[0064] Rotating the detector 23 about the axis of rotation 109 provides a circular field of view. The relative angular 
relationship between the slits and the object being examined may also be varied in coordination with translation of the 
detector. With reference to Figure 9 A, the detector may be moved along a curve of constant width 200 in coordination 
with rotation so as to maximize coverage of a field of view 202. 

[0065] In the illustrated embodiment, the field of view 202 is a square. The term curve of constant width describes 
a family of figures that, at any orientation within the square, will touch all four sides of the square. As the curve of 
constant width 200 orbits within the square 202, its centroid likewise traces an orbit 204. In the illustrated embodiment, 
the curve of constant width 200 is a Reuleaux triangle. A Reuleaux triangle includes three circular arc segments, the 
endpoints of which intersect the vertices of an equilateral triangle. The rotating detector portion 23 may be visualized 
as forming one of the sides of the equilateral triangle, i.e. with its longitudinal axis intersecting two vertices of the 
Reuleaux triangle. It will also be appreciated that a circle is a curve of constant width, albeit one whose centroid does 
not translate as the circle is rotated within the square. 

[0066] As the detector 23 is rotated, its centre 205 traces a path 206 having a curved diamond shape (similar to an 
astroid or a hypocycloid of four cusps). Translation and rotation are coordinated so that a line segment 208 perpen- 
dicular to the longitudinal axis of the detector 23 and intersecting its longitudinal midpoint traces the path travelled by 
the centroid 204 of the Reuleaux triangle. The endpoints of the longitudinal axis of the detector 23 trace a substantially 
square path 210 and produce a concomitant substantially square field of view. The x-y position 206 traced by the 
detector 23 longitudinal midpoint as a percentage of detector 23 LFOV is depicted at Figure 9B. The x position of the 
detector 23 as a function of its angular position 0 is depicted in Figure 9C. 
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[0067] The detector segments may be centred about the transverse extent of the septa. In a preferred embodiment, 
however, the detectors are offset from the centre toward a side of the detector nearer the outside of the square by an 
amount equal to one fourth the transverse extent of the septa. Alternately, the longitudinal axis may be offset from the 
transverse centre of the detector 23. 

[0068] A particular advantage of this technique is that substantially uniform sensitivity over the square field of view 
is provided as compared to rotational orbit of the same detector without translation, as depicted in Figures 10A and 
10B, respectively. Thus, a smaller detector may be used to provide a desired square field of view. Alternately, the same 
sized detector may be used to provide a larger field of view than with rotation alone, albeit with less uniform sensitivity. 
Another advantage of the technique is that the centre of the detector does not always point to the same location in the 
reconstruction field. Because there is no fixed point in the motion of the detector, there is no special point in the recon- 
struction field. 

[0069] Inasmuch as the orbit is not circularly symmetric, non-uniformities in the detector do not produce ring artifacts. 
Further, a more uniform field of view is obtained since the detector is, on average, closer to the entire plane of recon- 
struction. Although the orbit has been described in connection with a Reuleaux triangle, it may be implemented in 
connection with other curves of constant width, for example curves having five or more sides. 

[0070] A suitable drive arrangement is used to drive the detector 23 through its orbit. For example, an x-y positioning 
drive for causing the requisite translational motion together with a rotating drive for causing the requisite coordinated 
rotation may be used. Inasmuch as the endpoints of the detector 23 longitudinal axis follow the path 210, a geared 
drive mechanism which engages both ends of the detector 23 and causes them to travel along the path may be im- 
plemented to provide coordinated translational and rotational motion. 

[0071] The disclosed orbit technique may also be used in transmission radionuclide imaging, for example for atten- 
uation correction. A line or generally rectangular sheet source may be moved in the orbit described above, with the 
object being imaged located between the transmission source and a suitable detector, for example a detector following 
a coordinated Reuleaux orbit or a conventional gamma camera detector. 

[0072] It will also be appreciated that the technique is not limited to medical imaging. It may be used where it is 
necessary to collect other types of position dependent information. Thus, the technique may be used, together with 
suitable detectors or receivers to detect other types of radiation such as infrared, visible, infrared or other light, thermal 
radiation, electrical and magnetic fields, and the like. Similarly, the technique may be used, together with suitable 
emitters or transmitters, in connection with sources of other types of radiation, including those set forth above. 
[0073] The invention has been described with reference to the preferred embodiments. Obviously, modifications and 
alterations will occur to others upon reading and understanding the preceding description. It is intended that the inven- 
tion be construed as including all such modifications an alterations insofar as they come within the scope of the ap- 
pended claims or the equivalents thereof. 



Claims 

1 . An apparatus for detecting radiation indicative of an object, the apparatus comprising a detector (23) which includes 
a plurality of longitudinally-spaced radiation attenuative septa (102) which define a plurality of slits, each slit having 
a longitudinal and a transverse dimension, the transverse dimension being greater than the longitudinal dimension; 
and a plurality of radiation sensitive detector segments (106), each detector segment having a transverse dimen- 
sion and detecting radiation received in a corresponding slit, the detector having a longitudinal field of view; and 
a drive (1 34, 1 36) operatively connected to one of the detector and the object so as to vary the angular relationship 
between the detector and the object; wherein the transverse dimensions (C y ) of the detector segments are less 
than the longitudinal field of view (110). 

2. Apparatus as claimed in claim 1 , wherein a detector segment includes two or more sub-segments, the sum of the 
transverse dimensions of the sub-segments being less than the longitudinal field of view. 

3. Apparatus as claimed in claim 1 or claim 2, wherein the detector includes first and second radiation attenuative 
side shields. 

4. Apparatus as claimed in any one of claims 1 to 3, wherein the aperture aspect ratio of the detector is greater than 
one. 

5. Apparatus as claimed in any one of claims 1 to 4, wherein the transverse dimension of each detector segment is 
less than the transverse dimension of the corresponding slit. 
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6. Apparatus as claimed in any one of claims 1 to 5, wherein the drive is operatively connected to the detector so as 
to vary the angular relationship between the detector and the object and to translate the detector with respect to 
the object such that the sensitivity of the detector is substantially constant over a rectangular field of view. 

5 7. Apparatus as claimed in any one of claims 1 to 6, further including radiation attenuative members disposed between 
detector segments which detect radiation received in adjacent slits. 

8. Apparatus as claimed in claim 7, wherein the septa include a material-free portion adapted to receive the members. 

10 9. Apparatus for detecting radiation indicative of an object, the apparatus comprising: a detector which includes a 
collimator having a plurality of longitudinally spaced radiation attenuative elements (102) which define a plurality 
of apertures each having a transverse dimension greater than its longitudinal dimension; a plurality of detector 
segments (1 06) sensitive to radiation indicative of radionuclide decays, each detector segment having a transverse 
dimension (C y ) and detecting radiation received in a corresponding aperture, the aperture aspect ratio of the de- 

15 tector being greater than one; a drive (134, 136) operatively connected to one of the detector and the object so 

as to vary the angular relationship between the detector and the object. 

10. Apparatus as claimed in claim 9, wherein the transverse dimension of each detector segment is less than the 
transverse dimension of its respective aperture. 

20 

1 1 . Apparatus as claimed in claim 9 or claim 1 0, wherein the transverse dimension of the radiation attenuative elements 
is given by the equation: 

LFOVx(C + I/IM +HxC 

y c z +w z + h 

12. Apparatus as claimed in any one of claims 9 to 11 , further including means for varying the relative positions of the 
detector and the object so that the field of view of the detector is substantially constant over a square field of view. 

30 

13. A method comprising: using a detector to detect gamma radiation indicative of radionuclide decays; rotating the 
detector in a plane; in coordination with the rotation of the detector, translating the detector so that the sensitivity 
of the detector is substantially constant over a non-circular field of view. 

35 14. A method as claimed in claim 13, wherein the non-circular field of view is a square. 

15. A method as claimed in claim 13 or claim 14, wherein the detector includes a longitudinal axis and the step of 
translating the detector includes translating the detector in coordination with its rotation so that a line segment 
perpendicular to the longitudinal axis traces the path travelled by the centroid of a curve of constant width rotating 

40 within the square. 

16. A method as claimed in claim 15, wherein the curve of constant width is a Reuleaux triangle. 

17. A method as claimed in any one of claims 13 to 16, wherein the detector includes a plurality of longitudinally- 
45 spaced septa which define a plurality of longitudinally spaced slits and a plurality of detector segments for detecting 

radiation received in each of the slits and wherein the step of rotating includes rotating the detector so as to vary 
the angular relationship between the slits and the object being examined. 

18. A method as claimed in any one of claims 1 3 to 1 7. wherein the step of translating includes translating the detector 
so so that a point on the detector travels along a path having a curved diamond shape. 

19. A method as claimed in any one of claims 1 3 to 18, including the steps of rotating the detector in an orbit about 
an examination region so as to detect radiation at a plurality of angular positions with respect to the examination 
region; and generating a tomographic image indicative of the detected radiation. 

55 
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